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(57) ABSTRACT

A mechanical-puffer-type  arc-extinguishing chamber
includes a fixed main contact, a movable main contact that
moves on an opening-and-closing axis in a connectable and
disconnectable manner to and from the fixed main contact,
and a mechanical puffer chamber that is provided in the
movable main contact and blows compressed insulation gas
to an arc. A thermal-puffer-type arc-extinguishing chamber
includes a fixed contact, a movable contact that moves on the
opening-and-closing axis in a connectable and disconnect-
able manner to and from the fixed contact, and a thermal
puffer chamber in which compressed insulation gas is blown
to the arc. The mechanical-puffer-type arc-extinguishing
chamber and the thermal-puffer-type arc-extinguishing
chamber are arranged in series on the opening-and-closing
axis, and two breaking portions are electrically connected in
series.
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1
GAS CIRCUIT BREAKER

FIELD

The present invention relates to a gas circuit breaker used in
an electric power station.

BACKGROUND

Conventionally, in an electric power station such as an
electric substation or a switching station, puffer-type gas
circuit breakers that extinguish an arc generated between
electrodes by using blowing of insulation gas have been
employed. Among these conventional circuit breakers, a
mechanical-puffer-type gas circuit breaker extinguishes an
arc by compressing insulation gas in a mechanical puffer
chamber by a mechanical operation and blowing the com-
pressed insulation gas to the arc. Further, a thermal-puffer-
type gas circuit breaker extinguishes an arc by blowing insu-
lation gas to the arc, which is compressed by heat of the arc.
In addition, a mechanical-putfer/thermal-puffer hybrid-type
gas circuit breaker that employs the mechanical type and the
thermal type in combination has also been practically used.

A mechanical-puffer/thermal-puffer hybrid-type gas cir-
cuit breaker described in Patent Literature 1 includes a first
thermal puffer chamber that is provided at an inner side of a
movable contact, a second thermal puffer chamber that is
fixed to a container, which is filled with insulation gas, and is
always communicated with the first thermal puffer chamber,
and a mechanical puffer chamber that is provided in series
with the first thermal puffer chamber at an inner side of a
movable contact and communicated with the first thermal
puffer chamber via a check valve.

In the gas circuit breaker described in Patent Literature 1,
when breaking a large current, pressures of the first and sec-
ond thermal puffer chambers are increased by thermal expan-
sion of the circumferential gas due to an energy of the arc
generated between electrodes. When the pressures of the first
and second thermal puffer chambers are increased higher than
a pressure of the mechanical puffer chamber, a communicat-
ing port between the first thermal puffer chamber and the
mechanical puffer chamber is closed by the check valve, and
the compressed insulation gas in the first and second thermal
puffer chambers is blown to the arc. When breaking a small
current, the pressure of the mechanical puffer chamber is
increased higher than the pressures of the first and second
thermal puffer chambers by a mechanical compression, and
thus the check valve between the first thermal puffer chamber
and the mechanical puffer chamber is opened, and the com-
pressed insulation gas in the mechanical puffer chamber is
blown to the arc through the first thermal puffer chamber. In
this method, an excessive puffer pressure when breaking a
larger current can be transferred from the first thermal puffer
chamber to the second thermal puffer chamber, and thus a
puffer reaction force can be reduced. With this configuration,
a required operation force of an operation device can be
reduced.

In the conventional mechanical-puffer-type gas circuit
breaker, even when the arc energy when breaking a small
current is not large enough, a pressure increase can be
obtained by reducing a volume inside the mechanical puffer
chamber, and thus a sufficient puffer pressure can be obtained
so that current breaking can be easily achieved.
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CITATION LIST

Patent Literature

Patent Literature 1: Japanese Patent Application Laid-open
No. 2001-67996

SUMMARY
Technical Problem

However, in the mechanical-puffer/thermal-puffer hybrid-
type gas circuit breaker described in Patent Literature 1 men-
tioned above, when breaking a small current, the energy of the
arc generated between the electrodes is not large enough so
that the pressures of the first and second thermal puffer cham-
bers are not sufficiently increased, and thus the pressure of the
insulation gas is decreased when the compressed insulation
gas of the mechanical puffer chamber flows into the first
thermal puffer chamber. Therefore, blowing of the insulation
gas between the electrodes is weak, making it difficult to
obtain a required breaking performance.

Furthermore, in the conventional mechanical-puffer-type
gas circuit breaker, when breaking a large current, a consid-
erably large puffer reaction force is generated due to an exces-
sive energy of the arc generated between the electrodes, and
thus the operation force of the operation device needs to be
increased.

The present invention has been achieved in view of the
above problems, and an object of the present invention is to
provide a gas circuit breaker having an excellent breaking
performance with a low operation force.

Solution to Problem

The present invention is directed to a gas circuit breaker
that achieves the object. The gas circuit breaker includes a
container that contains insulation gas in a sealed manner, a
mechanical-puffer-type arc-extinguishing chamber within
the container, and a thermal-puffer-type arc-extinguishing
chamber within the container.

The mechanical-puffer-type arc-extinguishing chamber
includes a first fixed contact that is fixed to the container; a
first movable contact that moves on a straight line in a con-
nectable and disconnectable manner to and from the first fixed
contact; and a mechanical puffer chamber that is provided in
the first movable contact, shrinks in volume when shutting off
a current, to compress insulation gas therein, and blows the
compressed insulation gas to an arc. The thermal-puffer-type
arc-extinguishing chamber within the container includes a
second fixed contact that is fixed to the container; a second
movable contact that moves on the same straight line as the
first movable contact in a connectable and disconnectable
manner to and from the second fixed contact; and a thermal
puffer chamber that is defined by the second fixed contact and
the container, in which insulation gas therein is compressed
by heating through an arc when shutting off a current, and
blows the compressed insulation gas to the arc.

The mechanical-puffer-type arc-extinguishing chamber
and the thermal-puffer-type arc-extinguishing chamber are
arranged in series on the straight line, and a first breaking
portion including the first fixed contact and the first movable
contact and a second breaking portion including the second
fixed contact and the second movable contact are electrically
connected in series.
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Advantageous Effects of Invention

The present invention can provide a gas circuit breaker
having an excellent breaking performance with a low opera-
tion force.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cross-sectional configuration diagram of a gas
circuit breaker according to a first embodiment in an initial
state.

FIG. 2 is a cross-sectional configuration diagram of the gas
circuit breaker according to the first embodiment in a break-
ing halfway state.

FIG. 3 is a cross-sectional configuration diagram of a gas
circuit breaker according to a second embodiment in an initial
state.

FIG. 4 is a cross-sectional configuration diagram of the gas
circuit breaker according to the second embodiment in a
breaking halfway state.

FIG. 5 is a cross-sectional configuration diagram of a con-
ventional double-break gas circuit breaker in a breaking half-
way state.

FIG. 6 depicts the conventional double-break gas circuit
breaker shown in FIG. 5 in which a mechanism for preventing
an insulation rod 18 from being slanted is provided.

FIG. 7 is a cross-sectional configuration diagram of a gas
circuit breaker described in Patent Literature 1 in an initial
state.

DESCRIPTION OF EMBODIMENTS

Exemplary embodiments ofa gas circuit breaker according
to the present invention will be explained below in detail with
reference to the accompanying drawings. The present inven-
tion is not limited to the embodiments.

First Embodiment

FIG. 1 is a cross-sectional configuration diagram of a gas
circuit breaker according to a first embodiment of the present
invention in an initial state, and FIG. 2 is a cross-sectional
configuration diagram of the gas circuit breaker in a breaking
halfway state. As shown in FIGS. 1 and 2, the gas circuit
breaker according to the present embodiment is a circuit
breaker of a so-called “double-break type”, specifically hav-
ing a structure including a mechanical-puffer-type arc-extin-
guishing chamber 10 and a thermal-puffer-type arc-extin-
guishing chamber 16 connected in series. That is, the
mechanical-puffer-type arc-extinguishing chamber 10 and
the thermal-puffer-type arc-extinguishing chamber 16 are
arranged in series in a direction of an opening-and-closing
axis 60, a breaking portion 22 (first breaking portion) in the
mechanical-puffer-type arc-extinguishing chamber 10 and a
breaking portion 23 (second breaking portion) in the thermal-
puffer-type arc-extinguishing chamber 16 are electrically
connected in series, and the structure is configured to break a
current or shut off a current by at least one of the breaking
portion 22 or the breaking portion 23.

The mechanical-puffer-type arc-extinguishing chamber 10
is defined by a movable-side frame 19, a fixed-side arc-extin-
guishing barrel 25, and an inter-electrode insulation tube 6.
One end portion of the movable-side frame 19 is arranged to
face the fixed-side arc-extinguishing barrel 25 in the direction
of the opening-and-closing axis 60, and the inter-electrode
insulation tube 6 is arranged between the movable-side frame
19 and the fixed-side arc-extinguishing barrel 25.

The thermal-puffer-type arc-extinguishing chamber 16 is
defined by the movable-side frame 19, a fixed-side arc-extin-
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4

guishing barrel 27, and an inter-electrode insulation tube 14.
The other end portion of the movable-side frame 19 is
arranged to face the fixed-side arc-extinguishing barrel 27 in
the direction of the opening-and-closing axis 60, and the
inter-electrode insulation tube 14 is arranged between the
movable-side frame 19 and the fixed-side arc-extinguishing
barrel 27.

The movable-side frame 19 is common to the mechanical-
puffer-type arc-extinguishing chamber 10 and the thermal-
puffer-type arc-extinguishing chamber 16. Each of the mov-
able-side frame 19 and the fixed-side arc-extinguishing
barrels 25 and 27 is formed of a tubular metal container. The
movable-side frame 19, the fixed-side arc-extinguishing bar-
rels 25 and 27, and the inter-electrode insulation tubes 6 and
14 are coaxially arranged around the opening-and-closing
axis 60. Insulation gas such as SF; is sealed inside the
mechanical-puffer-type arc-extinguishing chamber 10 and
the thermal-puffer-type arc-extinguishing chamber 16.

An internal configuration of the mechanical-puffer-type
arc-extinguishing chamber 10 is explained. The breaking por-
tion 22 is provided in the mechanical-puffer-type arc-extin-
guishing chamber 10. The breaking portion 22 includes a
fixed main contact 2 (first fixed contact) of a substantially
cylindrical shape fixed to the fixed-side arc-extinguishing
barrel 25, a fixed arc contact 5 fixed to the fixed-side arc-
extinguishing barrel 25 and arranged at the inner side of the
fixed main contact 2, a piston 8 fixed to the movable-side
frame 19, a rod 29 (first rod) movably inserted into the piston
8 in a reciprocating manner along the opening-and-closing
axis 60, a movable arc contact 4 of a substantially cylindrical
shape provided on one end portion of the rod 29 at a side of the
fixed arc contact 5 and configured to be connected and dis-
connected to and from the fixed arc contact 5, a pufter cylin-
der 9 integrally provided with the rod 29 and engaged with the
piston 8, a movable main contact 1 (first movable contact)
provided on one end portion of the puffer cylinder 9 at a side
of the fixed main contact 2 and configured to be connected
and disconnected to and from the fixed main contact 2, and an
insulation nozzle 3 attached to one end portion of the puffer
cylinder 9 at a side of the fixed arc contact 5.

The fixed main contact 2 is arranged coaxially with the
opening-and-closing axis 60. The fixed arc contact 5 is rod-
shaped and arranged on the opening-and-closing axis 60. The
movable main contact 1 is integrally formed with the puffer
cylinder 9 and the rod 29. An outer circumferential surface of
the movable main contact 1 is brought into contact with the
fixed main contact 2 in an initial state. An outer circumferen-
tial surface of the fixed arc contact 5 is brought into contact
with the movable arc contact 4 in an initial state.

The piston 8 is arranged coaxially with the opening-and-
closing axis 60. The rod 29 is slidably inserted into the piston
8, and the rod 29 moves on the opening-and-closing axis 60 in
areciprocating manner according to an initial state or a break-
ing state. In the mechanical-puffer-type arc-extinguishing
chamber 10, a mechanical puffer chamber 7 is formed within
the movable main contact 1. Specifically, the mechanical
puffer chamber 7 is defined by the puffer cylinder 9 on which
the movable main contact 1 is provided and the piston 8.

A gas flow path 65 is formed in the puffer cylinder 9 at a
side of the fixed main contact 2. That is, the gas flow path 65
that is communicated with the mechanical puffer chamber 7 is
provided between the movable arc contact 4 and the movable
main contact 1, and the gas flow path 65 extends between the
movable arc contact 4 and the insulation nozzle 3, such that
the insulation gas within the mechanical puffer chamber 7 is
guided to the insulation nozzle 3. The insulation gas com-
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pressed within the mechanical puffer chamber 7 is blown to
the arc via the insulation nozzle 3.

An internal configuration of the thermal-puffer-type arc-
extinguishing chamber 16 is explained next. An end portion
63 of the movable-side frame 19 at a side of the thermal-
puffer-type arc-extinguishing chamber 16 includes an open-
ing into which a movable contact 13 (second movable con-
tact) is insertable, and faces an end surface of the fixed-side
arc-extinguishing barrel 27.

A fixed contact 12 (second fixed contact) is provided on
each ofend surfaces of the end portion 63 of the movable-side
frame 19 and the fixed-side arc-extinguishing barrel 27. Spe-
cifically, the fixed contact 12 provided on the end portion 63
of'the movable-side frame 19 is formed of'a plurality of elastic
contact fingers arranged side by side surrounding the opening
of'the end portion 63 around the opening-and-closing axis 60,
and each of the contact fingers extends at an angle from a fixed
place on the movable-side frame 19 toward the opening-and-
closing axis 60, to form a funnel shape as a whole.

The fixed contact 12 provided on the end surface of the
fixed-side arc-extinguishing barrel 27 is provided facing the
fixed contact 12 provided on the end portion 63 of the mov-
able-side frame 19. That is, the fixed contact 12 provided on
the end surface of the fixed-side arc-extinguishing barrel 27 is
formed of a plurality of elastic contact fingers arranged side
by side in the circumferential direction around the opening-
and-closing axis 60, and each of the contact fingers extends at
an angle from a fixed place on the fixed-side arc-extinguish-
ing barrel 27 toward the opening-and-closing axis 60, to form
a funnel shape as a whole.

The movable contact 13 is provided on one end portion of
a rod 26 (second rod) at a side of the fixed contact 12. The
movable contact 13 is rod shaped, and arranged on the open-
ing-and-closing axis 60. The movable contact 13 is connected
and disconnected to and from the fixed contact 12 by the rod
26 moving in a reciprocating manner in the direction of the
opening-and-closing axis 60 according to an initial state and
a breaking state. In this manner, the movable contact 13
moves on the opening-and-closing axis 60, that is, on the
same straight line, similarly to the movable main contact 1. In
the initial state, the fixed contact 12 of the fixed-side arc-
extinguishing barrel 27 and the fixed contact 12 of the mov-
able-side frame 19 are bridged, by which the fixed-side arc-
extinguishing barrel 27 and the movable-side frame 19 are
electrically connected to each other.

The movable contact 13 is lighter than the movable main
contact 1. The weight of the rod 26 including the movable
contact 13 is lighter than a total weight of the movable main
contact 1, the movable arc contact 4, the puffer cylinder 9, and
the rod 29. That is, a movable portion of the breaking portion
22 of the thermal-puffer-type arc-extinguishing chamber 16
is lighter than a movable portion of the breaking portion 23 of
the mechanical-puffer-type arc-extinguishing chamber 10.
As described later, the movable portion on a side of the
thermal-puffer-type arc-extinguishing chamber 16 is not sub-
jectto a puffer reaction force at the time of breaking a current,
and thus it can be more downsized and lightened than the
movable portion on a side of the mechanical-puffer-type arc-
extinguishing chamber 10.

A thermal puffer chamber 15 is defined as a space sur-
rounded by the movable-side frame 19, the fixed-side arc-
extinguishing barrel 27, the inter-electrode insulation tube
14, and the fixed contact 12. In order to prevent the insulation
gas flowing from between the contact fingers of the fixed
main contact 12, for example, a funnel-shaped cover (not
shown) is provided on a surface of the fixed main contact 12
at a side of the thermal puffer chamber 15.
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The configurations of the mechanical-puffer-type arc-ex-
tinguishing chamber 10 and the thermal-puffer-type arc-ex-
tinguishing chamber 16 are not limited to the examples shown
in the drawings, and other configurations can be adopted so
long as a similar arc-extinguishing function is provided.

An operation mechanism of the movable portion such as
the movable main contact 1 and the movable contact 13 is
explained next. As shown in FIGS. 1 and 2, an end portion of
the rod 29 on a side where the movable main contact 1 is not
provided, from among end portions of the rod 29, is coupled
to one end portion of an insulation rod 18 via a link mecha-
nism 11a (first link mechanism). Furthermore, an end portion
of the rod 26 on a side where the movable contact 13 is not
provided, from among end portions of the rod 26, is coupled
to the one end portion of the insulation rod 18 via a link
mechanism 115 (second link mechanism). The insulation rod
18 moves back and forth along an operation axis 61 set in a
direction perpendicular to the opening-and-closing axis 60.
The other end portion of the insulation rod 18 is connected to
an operation device (not shown). The operation device oper-
ates opening and closing of the breaking portions 22 and 23,
and by driving the operation device, the insulation rod 18
moves back and forth along the operation axis 61.

The link mechanism 11a converts an operation force in the
direction of the operation axis 61 generated by the movement
of the insulation rod 18 into a force in the direction of the
opening-and-closing axis 60, which is perpendicular to the
direction of the operation axis 61, and transfers the converted
force to the breaking portion 22. Specifically, the link mecha-
nism 11a includes a link 42a that is coupled to one end portion
of'the rod 29 and extends in the direction of the opening-and-
closing axis 60, a link 404 that is coupled to one end portion
(an end portion 28) of the insulation rod 18 and extends in the
direction of the operation axis 61, and a substantially
V-shaped lever 41a that is rotatably coupled to both the links
42a and 40a. Although the link 404 is provided as a pair to
sandwich the end portion 28 of the insulation rod 18, only the
link 40qa on a front side is shown in the drawings, and the link
40a on a rear side is in a state of being hidden behind. Simi-
larly, although the link 42q is provided as a pair to sandwich
the one end portion of the rod 29, only the link 424 on the front
sideis shown in the drawings, and the link 424 on the rear side
is in a state of being hidden behind. The pair of the links 40a
are coupled to one end portion of the lever 41a with a pin to
sandwich a single unit of the lever 414 in a direction perpen-
dicular to the diagrams, and the pair of the links 42a are
coupled to the other end portion of the lever 41a with a pin to
sandwich the single unit of the lever 41a in the direction
perpendicular to the diagrams. In this manner, the link mecha-
nism 11a is configured to be symmetric in a direction perpen-
dicular to both the opening-and-closing axis 60 and the opera-
tion axis 61. The configuration of the link mechanism 11a is
not limited to the example shown in the drawings, and other
types of configurations can be adopted.

The link mechanism 115 converts an operation force in the
direction of the operation axis 61 generated by the movement
of the insulation rod 18 into a force in the direction of the
opening-and-closing axis 60, which is perpendicular to the
direction of the operation axis 61, and transfers the converted
force to the breaking portion 23. Specifically, the link mecha-
nism 115 includes a link 425 that is coupled to one end portion
of'the rod 26 and extends in the direction of the opening-and-
closing axis 60, a link 405 that is coupled to the end portion 28
of the insulation rod 18 and extends in the direction of the
operation axis 61, and a substantially V-shaped lever 415 that
is rotatably coupled to both the links 4256 and 4056. Although
the link 405 is provided as a pair to sandwich the end portion
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28 of the insulation rod 18, only the link 405 on the front side
is shown in the drawings, and the link 405 on the rear side is
in a state of being hidden behind. Similarly, although the link
425b is provided as a pair to sandwich the one end portion of
the rod 26, only the link 425 on the front side is shown in the
drawings, and the link 425 on the rear side is in a state of being
hidden behind. The pair of the links 405 are coupled to one
end portion of the lever 415 with a pin to sandwich a single
unit of the lever 415 in the direction perpendicular to the
diagrams, and the pair of the links 425 are coupled to the other
end portion of the lever 415 with a pin to sandwich the single
unit of the lever 415 in the direction perpendicular to the
diagrams. In this manner, the link mechanism 115 is config-
ured to be symmetric in the direction perpendicular to both
the opening-and-closing axis 60 and the operation axis 61.
The configuration of the link mechanism 114 is not limited to
the example shown in the drawings, and other types of con-
figurations can be adopted.

The end portion 28 of the insulation rod 18 is, for example,
an end portion including a metal member for attaching the
links 40a and 405. A metal sealing portion 38 that covers the
end portion 28 of the insulation rod 18 in a circumferential
direction around the operation axis 61 is provided on the
movable-side frame 19. The sealing portion 38 is arranged to
cover the end portion 28 in the circumferential direction
regardless of a position of the end portion 28 in the direction
of the operation axis 61 with the movement of the insulation
rod 18.

An operation of the present embodiment is explained next
with reference to FIGS. 1 and 2. In the initial state, the
movable main contact 1 is in a state of being brought into
contact with the fixed main contact 2, and the movable contact
13 is in a state of being brought into contact with the fixed
contact 12 (see FIG. 1). Therefore, a current flows through a
path formed by the fixed-side arc-extinguishing barrel 25, the
fixed main contact 2, the movable main contact 1, the piston
8, the movable-side frame 19, the movable contact 13, the
fixed contact 12, and the fixed-side arc-extinguishing barrel
27. In this manner, the breaking portion 22 and the breaking
portion 23 are electrically connected in series via the mov-
able-side frame 19. Therefore, it suffices that the current
breaking is performed by any one of the thermal-puffer-type
arc-extinguishing chamber 16 or the mechanical-puffer-type
arc-extinguishing chamber 10.

In order to make a transition from an initial state to a
breaking state, an operation force 17 is applied to the insula-
tion rod 18 by driving an operation device (not shown). In the
example shown in the drawings, the insulation rod 18 moves
along the operation axis 61, for example, in a downward
direction by the operation force 17. With the movement of the
insulation rod 18, the movable main contact 1 and the mov-
able contact 13 respectively move in opposite directions to
each other commonly on the opening-and-closing axis 60 via
the link mechanisms 11a and 115. Specifically, the movable
main contact 1 moves in a breaking direction 21a to be dis-
connected from the fixed main contact 2, and then when the
movable arc contact 4 is disconnected from the fixed arc
contact 5, an arc 20 is generated between the movable arc
contact 4 and the fixed arc contact 5. The movable contact 13
moves in a direction of a breaking direction 215, which is an
opposite direction to the breaking direction 214, to be discon-
nected from the fixed contact 12. At this time, the arc 20 is
generated between the movable contact 13 and the fixed con-
tact 12.

In the thermal-puffer-type arc-extinguishing chamber 16,
ambient gas is heated by an energy of the arc that is generated
between the contacts (between the movable contact 13 and
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the fixed contact 12), and due to thermal expansion by the
heating of the ambient gas, a pressure in the thermal puffer
chamber 15 is increased. When a current approaches the zero
point so that the heating and the pressure increase are slowed
down in the arc generating area, the compressed insulation
gas within the thermal puffer chamber 15 flows to between the
contacts from the thermal puffer chamber 15 at a high speed
and is blown to the arc 20. With this operation, the arc 20 is
extinguished and current is shut off. The current breaking in
the thermal-puffer-type arc-extinguishing chamber 16 is
more effective when the arc energy is large so that the insu-
lation gas is more heated, but with the current breaking in a
medium and small current area, the breaking performance is
limited because the insulation gas is not heated sufficiently
enough so that the pressure of the thermal puffer chamber 15
is not sufficiently increased.

Meanwhile, in the mechanical-puffer-type arc-extinguish-
ing chamber 10, a volume of the mechanical puffer chamber
7 is shrunken due to a mechanical operation with the discon-
nection of the breaking portion 22, and thus the insulation gas
within the mechanical puffer chamber 7 is compressed to
have a high pressure. The compressed insulation gas within
the mechanical pufter chamber 7 is then blown to the arc 20
via the gas flow path 65 and the insulation nozzle 3. With this
operation, the arc 20 is extinguished and the current breaking
is achieved.

In the mechanical-puffer-type arc-extinguishing chamber
10, even when the arc energy is not large enough at the time of
small current breaking, a sufficient puffer presser can be
obtained due to the volume shrinkage within the mechanical
puffer chamber 7, so that the current breaking can be easily
achieved. However, because the insulation gas in proximity to
the arc 20 is flown back to the mechanical puffer chamber 7,
a high pressure is generated within the mechanical puffer
chamber 7. Therefore, a reaction force against the operation
force 17 of an operation device (not shown) is generated due
to the pressure increase within the mechanical pufter chamber
7.

On the other hand, in the thermal-putter-type arc-extin-
guishing chamber 16, because the movable portion such as
the movable contact 13 is light-weighted and the movable
portion has no components receiving pressures, such as the
puffer cylinder 9, no puffer reaction force is generated. There-
fore, the movable portion of the thermal-puffer-type arc-ex-
tinguishing chamber 16 can be operated with a small force.

As explained above, according to the present embodiment,
by configuring a double-break configuration in which the
mechanical-puffer-type arc-extinguishing chamber 10 that is
suitable for the small current breaking and the thermal-puffer-
type arc-extinguishing chamber 16 that is suitable for the
large current breaking are connected in series, a high breaking
performance can be achieved regardless of a magnitude of the
current. That is, because the gas circuit breaker according to
the present embodiment is a double-break gas circuit breaker,
it suffices that the current breaking is performed by any one of
the mechanical-puffer-type arc-extinguishing chamber 10 or
the thermal-puffer-type arc-extinguishing chamber 16, so
that the advantages of the mechanical-puffer-type arc-extin-
guishing chamber 10 and the thermal-puffer-type arc-extin-
guishing chamber 16 can be fully utilized. Accordingly, the
breaking performance can be easily secured in a wide range
from a large current to a small current.

Furthermore, according to the present embodiment, as
compared to a conventional double-break gas circuit breaker,
the puffer reaction force at the time of the large current
breaking is reduced, and thus the operation force 17 of an
operation device (not shown) can be reduced.
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The present embodiment and a conventional gas circuit
breaker are compared with each other. FIG. 5 is a cross-
sectional configuration diagram of a conventional double-
break gas circuit breaker in a breaking halfway state. In FIG.
5, constituent elements identical to those of FIGS. 1 and 2 are
denoted by like reference signs. As shown in FIG. 5, in the
conventional double-break gas circuit breaker, two mechani-
cal-puffer-type arc-extinguishing chambers 10 are connected
in series. Therefore, at the time of small current breaking, the
current breaking can be easily achieved in a similar manner to
the present embodiment. However, at the time of large current
breaking, a puffer reaction force is generated within both the
mechanical-puffer-type arc-extinguishing chambers 10, and
thus a puffer reaction force twice as large as that of the present
embodiment is generated, so that it is required to increase the
operation force 17 to smoothly move movable portions.

On the other hand, in the present embodiment, because the
breaking portion 23 is a thermal puffer type, no puffer reac-
tion force is generated in the thermal-puffer-type arc-extin-
guishing chamber 16 and the movable portion of the thermal-
puffer-type arc-extinguishing chamber 16 is lighter than the
movable portion of the mechanical-puffer-type arc-extin-
guishing chamber 10, and thus the operation force 17 can be
greatly reduced as compared to the conventional gas circuit
breaker.

As a gas circuit breaker that employs a mechanical-puffer/
thermal-puffer hybrid-type structure in a similar manner to
the present embodiment, the gas circuit breaker disclosed in
Patent Literature 1 has been known. FIG. 7 is a cross-sec-
tional configuration diagram of the gas circuit breaker
described in Patent Literature 1 in an initial state. As shown in
FIG. 7, an arc-extinguishing chamber of the gas circuit
breaker includes a container 101, a fixed contact 102, a mov-
able contact 103, and a casing 116. A fixed arc contact point
109 is provided on the fixed contact 102. The movable contact
103 includes a movable arc contact point 110, a first heating
chamber 106, and a compressing chamber 115. The com-
pressing chamber 115 includes a cylinder 111 and a piston
112. Meanwhile, on an outer side of the movable contact 103,
a second heating chamber 107 is formed by the movable
contact 103 and the casing 116. The first heating chamber 106
includes a communicating port 117 that is communicated
with a tip of the movable arc contact point 110, a communi-
cating port 118 that is communicated with the compressing
chamber 115, and a communicating port 108 that is commu-
nicated with the second heating chamber 107. A check valve
113 is provided on the communicating port 118. Further, a
check valve 114 and a control valve 115 are provided in the
compressing chamber 115.

In the gas circuit breaker described in Patent Literature 1, at
the time of large current breaking, pressures of the first heat-
ing chamber 106 and the second heating chamber 107 are
increased by thermal expansion of ambient gas due to an arc
energy. When the pressures of the first heating chamber 106
and the second heating chamber 107 are increased higher than
a pressure of the compressing chamber 115, the communi-
cating port 118 that is located between the first heating cham-
ber 106 and the compressing chamber 115 is closed by the
check valve 113, and the compressed insulation gas within the
first heating chamber 106 and the second heating chamber
107 is blown to an arc through the communicating port 117.
At the time of small current breaking, the pressure of the
compressing chamber 115 is increased higher than the pres-
sures of the first heating chamber 106 and the second heating
chamber 107 by a mechanical compression, and thus the
check valve 113 that is located between the first heating
chamber 106 and the compressing chamber 115 is opened,
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and the compressed insulation gas within the compressing
chamber 115 is blown to the arc through the communicating
port 118, the first heating chamber 106, and the communicat-
ing port 117. In this gas circuit breaker, because an excessive
puffer pressure at the time of the large current breaking can be
let out from the first heating chamber 106 to the second
heating chamber 107, the puffer reaction force can be
reduced.

However, in the gas circuit breaker described in Patent
Literature 1, at the time of the small current breaking, the arc
energy is not large enough, and thus the pressures of the first
heating chamber 106 and the second heating chamber 107 are
not sufficiently increased, so that the pressure of the insula-
tion gas is decreased when the compressed insulation gas
within the compressing chamber 115 is flown to the first
heating chamber 106. Therefore, blowing of the insulation
gas to the arc is weak, so that it is not easy to obtain a required
breaking performance.

On the other hand, in the present embodiment, by employ-
ing a configuration in which the mechanical-puffer-type arc-
extinguishing chamber 10 and the thermal-puffer-type arc-
extinguishing chamber 16 connected in series, which are
separated from each other and independent of each other,
even at the time of the small current breaking, the arc can be
easily extinguished in the mechanical-puffer-type arc-extin-
guishing chamber 10.

In this manner, according to the present embodiment, it is
possible to provide a gas circuit breaker having an excellent
breaking performance from the large current to the small
current with a low operation force.

Second Embodiment

As explained in the first embodiment, with the configura-
tion shown in FIGS. 1 and 2, the movable portion of the
thermal-puffer-type arc-extinguishing chamber 16 is lighter
than the movable portion of the mechanical-puffer-type arc-
extinguishing chamber 10, and thus when moving the insu-
lation rod 18 in the downward direction by applying the
operation force 17 to the insulation rod 18 at the time of
breaking a current, a load that is biased toward the mechani-
cal-puffer-type arc-extinguishing chamber 10 is applied as a
whole to the end portion of the insulation rod 18 to which the
link mechanisms 11a and 115 are coupled, and as a result, a
force is exerted such that the insulation rod 18 is inclined from
the operation axis 61 so that the breaking operation may not
be smoothly performed. Therefore, it is desired to provide a
mechanism for preventing the insulation rod 18 from being
slanted.

FIG. 6 depicts the conventional double-break gas circuit
breaker shown in FIG. 5 in which a mechanism for preventing
the insulation rod 18 from being slanted is provided. In FIG.
6, constituent elements identical to those shown in FI1G. 5 are
denoted by like reference signs. As shown in FIG. 6, ashaft 51
that extends in the direction of the operation axis 61 is pro-
vided on the end portion of the insulation rod 18, and a
tubular-shaped guide 50 into which the shaft 51 is slidably
inserted in the direction of the operation axis 61 is attached to
the movable-side frame 19. With this configuration, even
when the loads applied to the link mechanisms 11a and 115
are laterally unbalanced, the force applied to the direction of
the opening-and-closing axis 60 can be absorbed because the
shaft 51 provided on the end portion of the insulation rod 18
is held by the guide 50, so that the insulation rod 18 can be
prevented from being slanted. However, with this configura-
tion, the guide 50 and the shaft 51, which are support com-
ponents, extend from the end portion of the insulation rod 18
to the movable-side frame 19, resulting in an increase in size.
To deal with this problem, in a second embodiment of the
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present invention, a mechanism for preventing the insulation
rod 18 from being slanted as described below is applied to the
gas circuit breaker according to the first embodiment.

FIG. 3 is a cross-sectional configuration diagram of the gas
circuit breaker according to the present embodiment in an
initial state, and FIG. 4 is a cross-sectional configuration
diagram of the gas circuit breaker in a breaking halfway state.
In FIGS. 4 and 5, like constituent elements as those in FIGS.
1 and 2 are denoted by like reference signs. Features of the
present embodiment that are different from those of the first
embodiment are mainly explained below.

As shown in FIGS. 3 and 4, link mechanisms 36a and 365
are provided on an end portion 30 that is one end portion of the
insulation rod 18. The link mechanism 364 transfers the
operation force 17 applied to the insulation rod 18 to the rod
29, which corresponds to the link mechanism 11a according
to the first embodiment. The link mechanism 365 transfers the
operation force 17 applied to the insulation rod 18 to the rod
26, which corresponds to the link mechanism 115 according
to the first embodiment.

The link mechanism 36a includes a link 33a that is coupled
to one end portion of the rod 29 and extends to the direction of
the opening-and-closing axis 60, a link 374« that is coupled to
the end portion 30 of the insulation rod 18 and extends in the
direction of the operation axis 61, and a substantially
V-shaped lever 32a that is rotatably coupled to both the links
33a and 37a. Although the link 374 is provided as a pair to
sandwich the end portion 30 of the insulation rod 18, only the
link 374 on the front side is shown in the drawings, and the
link 37a on the rear side is in a state of being hidden behind.
Similarly, although the link 334 is provided as a pair to sand-
wich the one end portion of the rod 29, only the link 33a onthe
front side is shown in the drawings, and the link 33« on the
rear side is in a state of being hidden behind. The pair of the
links 37a are coupled to one end portion of the lever 32a with
apin to sandwich a single unit of the lever 324 in the direction
perpendicular to the diagrams, and the pair ofthe links 33a are
coupled to the other end portion of the lever 32a with a pinto
sandwich the single unit of the lever 32a in the direction
perpendicular to the diagrams. In this manner, the link mecha-
nism 36a is configured to be symmetric in a direction perpen-
dicularto both the opening-and-closing axis 60 and the opera-
tion axis 61. The configuration of the link mechanism 36a is
not limited to the example shown in the drawings, and other
types of configurations can be adopted.

Similarly, the link mechanism 364 includes a link 334 that
is coupled to one end portion of the rod 26 and extends to the
direction of the opening-and-closing axis 60, alink 375 thatis
coupled to the end portion 30 of the insulation rod 18 and
extends in the direction of the operation axis 61, and a sub-
stantially V-shaped lever 325 that is rotatably coupled to both
the links 335 and 375. Although the link 375 is provided as a
pair to sandwich the end portion 30 of the insulation rod 18,
only the link 375 on the front side is shown in the drawings,
and the link 375 on the rear side is in a state of being hidden
behind. Similarly, although the link 335 is provided as a pair
to sandwich the one end portion of the rod 26, only the link
336 on the front side is shown in the drawings, and the link
33b on the rear side is in a state of being hidden behind. The
pair of the links 375 are coupled to one end portion of the lever
3256 with a pin to sandwich a single unit of the lever 325 in the
direction perpendicular to the diagrams, and the pair of the
links 335 are coupled to the other end portion of the lever 325
with a pin to sandwich the single unit of the lever 325 in the
direction perpendicular to the diagrams. In this manner, the
link mechanism 365 is configured to be symmetric in a direc-
tion perpendicular to both the opening-and-closing axis 60
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and the operation axis 61. The configuration of the link
mechanism 365 is not limited to the example shown in the
drawings, and other types of configurations can be adopted.

As shown in the drawings, the lever 325 (second lever) at
the side of the thermal-puffer-type arc-extinguishing cham-
ber 16 can be more downsized and lightened than the lever
32a (first lever) at the side of the mechanical-puffer-type
arc-extinguishing chamber 10. That is, by setting a width of
an arm of the lever 325 smaller than a width of an arm of the
lever 32a, the lever 3256 is made lighter than the lever 324. As
explained in the first embodiment, because the puffer reaction
force is generated in the mechanical-puffer-type arc-extin-
guishing chamber 10 at the time of breaking a current, the
weight of the movable portion of the mechanical-puffer-type
arc-extinguishing chamber 10 is heavier than that of the ther-
mal-puffer-type arc-extinguishing chamber 16. Therefore,
the lever 325 can be lightened for the movable portion at the
side of the thermal-puffer-type arc-extinguishing chamber
10.

A roller 31a (first roller) that is rotatably supported with a
rotation axis in the direction perpendicular to both the direc-
tion of the opening-and-closing axis 60 and the direction of
the operation axis 61 is provided on the end portion 30 at the
side of the mechanical-puffer-type arc-extinguishing cham-
ber 10. The roller 31a is provided as a pair on both sides in a
direction of the rotation axis, that is, at the front side and the
rear side in the drawings. That is, the rollers 31a are provided
symmetrically in the direction perpendicular to both the
opening-and-closing axis 60 and the operation axis 61. The
rotation axis of the roller 31a is common to a coupling axis of
the link mechanism 36a on the end portion 30, so that the
roller 31a is arranged in proximity to the link mechanism 36a.

Furthermore, a roller 316 (second roller) that is rotatably
supported with a rotation axis in the direction perpendicular
to both the direction of the opening-and-closing axis 60 and
the direction of the operation axis 61 is provided on the end
portion 30 at the side of the thermal-puffer-type arc-extin-
guishing chamber 16. The roller 315 is provided as a pair on
both sides in a direction of the rotation axis, that is, at the front
side and the rear side in the drawings. That is, the rollers 314
are provided symmetrically in the direction perpendicular to
both the opening-and-closing axis 60 and the operation axis
61. The rotation axis of the roller 315 is common to a coupling
axis of the link mechanism 364 on the end portion 30, so that
the roller 3154 is arranged in proximity to the link mechanism
366b.

Roller guide portions 34a and 344 are attached to the
movable-side frame 19. The roller guide portion 34a (first
roller guide portion) is arranged at the side of the mechanical-
puffer-type arc-extinguishing chamber 10 with respect to the
insulation rod 18. The roller guide portion 345 (second roller
guide portion) is arranged on the side of the thermal-pufter-
type arc-extinguishing chamber 16 with respect to the insu-
lation rod 18.

The roller guide portion 34a includes a guide plane 35a
(first guide plane) that is brought into contact with circum-
ferential surfaces of the pair of the rollers 31a and causes the
pair of the rollers 31a to roll in the direction of the operation
axis 61. Further, the roller guide portion 345 includes a guide
plane 355 (second guide plane) that is brought into contact
with circumferential surfaces of the pair of the rollers 315 and
causes the pair of the rollers 315 to roll in the direction of the
operation axis 61. The guide plane 35a and the guide plane
35b face each other in the direction of the opening-and-
closing axis 60. The roller guide portions 34a and 345 are
symmetrically arranged with respect to a plane that includes
the operation axis 61, a normal line parallel to the opening-
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and-closing axis 60, and a substantially T-shaped cross sec-
tion in the example shown in the drawings. Each of normal
lines of the guide planes 35a and 355 is parallel to the open-
ing-and-closing axis 60. Each of lengths of the guide planes
35a and 354 in the direction of the operation axis 61 is set such
that the rollers 31a and 315 are not dropped off in a movement
range of the insulation rod 18. The roller guide portion 34a
can be provided as a pair with respect to the pair of the rollers
31aor as asingle unit. The same holds true for the roller guide
portions 344.

The end portion 30 of the insulation rod 18 is, for example,
an end portion including a metal member for attaching the
links 37a and 37b. The metal sealing portion 38 that covers
the end portion 30 of the insulationrod 18 in a circumferential
direction around the operation axis 61 is provided on the
movable-side frame 19. The sealing portion 38 is arranged to
cover the end portion 30 in the circumferential direction
regardless of a position of the end portion 30 in the direction
of the operation axis 61 with the movement of the insulation
rod 18.

An operation of the present embodiment is explained. At
the time of breaking a current, at the time of breaking the
current, when the operation force 17 is applied to the insula-
tion rod 18, the rollers 31a and 315 provided on the end
portion 30 are respectively guided by the guide planes 35a
and 354, the insulation rod 18 smoothly moves in the down-
ward direction along the direction of the operation axis 61.

According to the present embodiment, although the load
applied to the end portion 30 of the insulation rod 18 is biased
as a whole toward the mechanical-puffer-type arc-extinguish-
ing chamber 10, it is configured that the lateral load from the
rollers 31a and 315 are absorbed by the roller guide portions
34a and 345, so that the insulation rod 18 can be prevented
from being slanted.

According to the present embodiment, sizes of the rollers
31a and 315 and the roller guide portions 34a and 345 are
smaller as compared to the configuration including the guide
50 and the shaft 51 having sized according to the distance
from the load point to the holding portion, and thus the insu-
lation rod 18 can be prevented from being slanted with a
relatively small component.

According to the present embodiment, the rollers 31a and
3156 respectively roll on the guide planes 354 and 3554, and
thus a friction generated when the insulation rod 18 moves is
smaller as compared to the case shown in FIG. 6, so that the
arc can be extinguished without lowering the moving speed of
the movable main contact 1 and the movable contact 13.

Other configurations, operations, and effects of the present
embodiment are as explained in the first embodiment.

INDUSTRIAL APPLICABILITY

As described above, the gas circuit breaker according to the
present invention is useful as a gas circuit breaker that is used
in an electric substation or a switching station and has an
excellent breaking performance with a low operation force.

REFERENCE SIGNS LIST

1 movable main contact

2 fixed main contact

3 insulation nozzle

4 movable arc contact

5 fixed arc contact

6, 14 inter-electrode insulation tube
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10

15

20

25

30

35

40

45

50

55

65

14

9 puffer cylinder

10 mechanical-puffer-type arc-extinguishing chamber
11a, 115, 36a, 364 link mechanism

12 fixed contact

13 movable contact

15 thermal puffer chamber

16 thermal-puffer-type arc-extinguishing chamber

17 operation force

18 insulation rod

19 movable-side frame

20 arc

22, 23 breaking portion

25, 27 fixed-side arc-extinguishing barrel

26, 29 rod

30 end portion

31a, 315 roller

33a, 33b, 40a, 405, 424, 425 link

32a, 32b, 41a, 415 lever

34a, 345 roller guide portion

35a, 35b guide plane

50 guide

51 shaft

60 opening-and-closing axis

61 operation axis

63 end portion

65 gas flow path

The invention claimed is:

1. A gas circuit breaker comprising:

a container that contains insulation gas in a sealed manner;

a mechanical-puffer-type arc-extinguishing chamber
within the container that includes:

a first fixed contact that is fixed to the container;

a first movable contact that moves on a straight line in a
connectable and disconnectable manner to and from
the first fixed contact; and

a mechanical puffer chamber that is provided in the first
movable contact, shrinks in volume when shutting off
a current, to compress insulation gas therein, and
blows the compressed insulation gas to an arc; and

a thermal-puffer-type arc-extinguishing chamber, having a
mechanical configuration different from the mechani-
cal-puffer-type arc-extinguishing chamber, within the
container that includes:

a second fixed contact that is fixed to a fixed side arc-
extinguishing barrel that contacts the container;

a second movable contact that moves on the same
straight line as the first movable contact in a connect-
able and disconnectable manner to and from the sec-
ond fixed contact; and

a thermal puffer chamber that is defined by the second
fixed contact and the fixed side arc-extinguishing bar-
rel, in which insulation gas in the fixed side arc-extin-
guishing barrel is expanded by heating through an arc
when shutting off a current, and blows the expanded
insulation gas to the arc,

wherein the mechanical-puffer-type arc-extinguishing
chamber and the thermal-puffer-type arc-extinguishing
chamber are arranged in series on the straight line, and

wherein a first breaking portion including the first fixed
contact and the first movable contact and a second break-
ing portion including the second fixed contact and the
second movable contact are electrically connected in
series.

2. The gas circuit breaker according to claim 1, further

comprising:
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an insulation rod that moves back and forth in a direction
perpendicular to a movement direction of the first and
second movable contacts;

a first link mechanism that is coupled to one end portion of
the insulation rod and coupled to one end portion of a
first rod on which the first movable contact is provided,
and when an operation force is applied to the insulation
rod, transfers the operation force to the first rod to move
the first movable contact; and

a second link mechanism that is coupled to the one end
portion of the insulation rod and coupled to one end
portion of a second rod on which the second movable
contact is provided, and when an operation force is
applied to the insulation rod, transfers the operation
force to the second rod to move the second movable
contactin a direction opposite to the movement direction
of the first movable contact.

3. The gas circuit breaker according to claim 2, wherein a
weight of a movable portion within the mechanical-puffer-
type arc-extinguishing chamber including the first movable
contact and the first rod is heavier than a weight of a movable
portion within the thermal-puffer-type arc-extinguishing
chamber including the second movable contact and the sec-
ond rod.

4. The gas circuit breaker according to claim 3, further
comprising:

apair of first rollers that is provided on the one end portion
of'the insulation rod on a side of the mechanical-puffer-
type arc-extinguishing chamber, and rotatably sup-
ported with a rotation axis in a direction perpendicular to
both a movement direction of the first and second mov-
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able contacts and a movement direction of the insulation
rod, the pair of first rollers being each provided on both
sides of the one end portion in a direction of the rotation
axis;

a pair of second rollers that is provided on the one end

portion of the insulation rod on a side of the thermal-
puffer-type arc-extinguishing chamber, and rotatably
supported with a rotation axis in the direction perpen-
dicular to both the movement direction of the first and
second movable contacts and the movement direction of
the insulation rod, the pair of second rollers being each
provided on both sides of the one end portion in the
direction of the rotation axis;

a first roller guide portion that is arranged on the side of the

mechanical-puffer-type arc-extinguishing chamber with
respect to the insulation rod, and includes a first guide
plane for causing the pair of first rollers to roll in the
movement direction of the insulation rod; and

a second roller guide portion that is arranged on the side of

5.

the thermal-puffer-type arc-extinguishing chamber with
respect to the insulation rod, and includes a second guide
plane for causing the pair of second rollers to roll in the
movement direction of the insulation rod, the second
guide plane facing the first guide plane in the movement
direction of the first and second movable contacts.

The gas circuit breaker according to claim 4,

wherein the first link mechanism includes a first lever, and
wherein the second link mechanism includes a second

lever that is lighter than the first lever.
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